Dalton Trans., 2015, 00, 1-7 | 1 , but also demonstrate excitation-independent photoluminescent for down-conversion and up-conversion at 445 nm. Moreover, the prepared water-soluble Fe3O4-CDs hybrid NPs have a dual modal imaging ability for both magnetic resonance imaging (MRI) and fluorescent imaging.
Introduction
Integration of multiple discrete components to construct multifunctional NPs combined of different unique functionalities from all individual components has received more and more attention due to their potential applications in many fields. [1] [2] [3] [4] In particular, functionalized superparamagnetic NPs with fluorescent performance have attracted significant interest for their excellent potential in a wide variety of biomedical applications such as magnetic resonance imaging (MRI), fluorescence imaging, drug delivery and photothermal therapy. [5] [6] [7] [8] [9] [10] In order to construct magnetic-fluorescent hybrid NPs tremendous efforts have been developed to combine the magnetic and fluorescent materials into composite nano-functional materials with both of two properties of components simultaneously. For example Core/Shell and dumbbelllike structure magnetic-fluorescent hybrid NPs combined of noble metal NPs (Au or Ag NPs) or semiconducting quantum dots with superparamagnetic iron oxide have achieved and put up predominant performance in the field of biomedical applications. [11] [12] [13] [14] However, there are some extent of limitations for conventional magnetic-fluorescent hybrid NPs for their preparation and use in many practical applications. For one thing these used fluorescent materials for instance organic dyes, 15, 16 SQDs, 13, 14 noble metal NPs, 11, 12 and rare earth metal NPs 17, 18 have more or less shortages such as poor photostability and biocompatibility, toxicity, and high cost. Furthermore, the complicated multi-step synthetic procedures for preparation of these magnetic-fluorescent composite NPs are another obstruction for their practical applications.
Recently a new type of fluorescence materials of CDs are widely considered to be advantageous over other fluorescent materials due to their outstanding optical properties, high photostability, good aqueous solubility, low toxicity, and excellent biocompatibility. [19] [20] [21] Based on these superior properties, CDs are more suitable for using in optical bioimaging as fluorescent agent for both in vitro and in vivo than the traditional fluorescent materials. For example, Sun et al. 22 reported that CDs surface passivated by PPEI-EI exhibit strong luminescence with two-photon excitation in the near-infrared and the results of two-photon luminescence microscopy imaging of the CDs internalized in human breast cancer cells indicated the potential of the CDs in cell imaging with two-photon luminescence microscopy. Yang et al. 23 studied
CDs for optical imaging in vivo firstly in 2009. The surface passivated CDs and CDs@ZnS were injected into mice through subcutaneous, interdermal and intravenous injections and remained strongly fluorescent in vivo. In addition, CDs can be easily obtained via various synthetic methods from a wide range of low-cost and available raw materials. [24] [25] [26] [27] Citric acid as one of the most potential precursor for synthesizing CDs through "bottom-up" method has been priority selected. Yang et al. 28 reported a facile and high output strategy for fabricating of CD with a quantum yield (QY) as high as ca. 80% by condensing CA and ethylenediamine to form polymer-like CDs and then carbonizing to form the CDs. And the relationship between chemical structure and PL mechanism were investigated in detail. Li et al. 29 produced nitrogen and sulfur co-doped CDs (N, S-CDs) using CA as carbon source and L-cysteine providing nitrogen and sulfur through a one-step hydrothermal treatment. The N, S-CDs exhibited very high QY (73%) and excitation-independent emission, resulting from the synergy effect of the doped nitrogen and sulfur atoms.
However, to the best of our knowledge there are only few hybrid NPs been reported combined magnetic nanocrystals with CDs for dual-modal imaging. 30 Carbon-dots possess magnetism have been reported by us before. 31 The preparation of magneticfluorescent hybrid NPs (Ni@SiO 2 -CDs) required lengthy multi-step synthetic procedures. Thus, the purpose of this work is to present a simple one pot method to synthesize magnetic-fluorescent hybrid NPs. 
Experiment

Materials and instruments
Ferric ammonium citrate (FAC) and Triethylenetetramine (TETA, 70%) were purchased from Aladdin Reagent (Shanghai, China). Urea and citric acid monohydrate were purchased from Guangfu Reagent Company (Tianjin, China). Acetone was used as received without further purification. All reagents are Analytical Reagent grade. The water used in all experiments was deionized water prepared with Milli-Q water (18.2 MΩ cm).
XRD measurements were performed on a X-ray diffractometer (Philips X'Pert, Holland) with Cu Kα radiation (λ=1.54059Å), with operating voltage and current at 40 kV and 35 mA. X-ray photoelectron spectra (XPS) were acquired on a PHI 550 photoelectron spectrometer equipped with an Mg Kα (hν = 1253.6 eV). The X-ray gun operated at 15 kV and 20 mA. The background pressure of residual gases during the measurements was lower than 10 -6 Pa. The transmission electron microscopy (TEM) was taken on a JEM-2100 transmission electron microscope at an acceleration voltage of 120 kV. Dynamic light scattered (DLS) was got on a BI-200SM (USA Brookhaven) at room temperature. Fourier transform infrared (FTIR) spectra were measured using a Nicolet 360 FTIR spectrometer with the KBr pellet technique. The magnetic behavior was tested using a vibrating sample magnetometer (VSM, Lake Shore 7304, Lake Shore, USA) at room temperature. UV-vis absorption spectra were obtained on an Agilent UV Cary100 spectrophotometer. FLS920 spectrofluorometer was used to measure steady-state emission spectra, fluorescence lifetimes and quantum yields. Quantum yields were determined by a relative method using quinine sulfate as fluorescence standard. Fluorescence imaging was performed on an Olympus FV1000-IX81 laser confocal microscope. T 2 -weighted MR images were performed on a 7.0 T MRI scanner (Bruker BioSpec 70/20 USR), R 2 values were measured on a Bruker 500 MHz NMR spectrometer.
Preparation of Fe 3 O 4 -CDs hybrid NPs
In a typical synthesis, AFC (0.133 g) was dissolved in H 2 O and TETA 10 mL (volume ratio 9:1). The precursor solution was transferred to a 20 ml Teflon-lined stainless steel autoclave. After sealing, the autoclave was heated to and maintained at 200 °C for 2, 4 and 6 h. The autoclave was then cooled naturally to room temperature. The soliquoid was separated by centrifugation (6500 r min -1 , 2 min) to discard liquid phase. The obtained solid phase was dispersed in 10 ml acetone by ultrasonic dispersing for 3 minutes then magnetic separating. This washing process repeated for three times to remove dissociative CDs and TETA. Finally, the black products were dried in air-circulating oven at 60°C. By contrast, the synthesis without TETA was also performed. The samples are thereafter denoted as Fe 3 O 4 -CDs and Fe 3 O 4 , respectively.
In vitro MRI studies
Magnetic resonance imaging (MRI) tests were performed on a 7. R 2 values of Fe 3 O 4 -CDs NPs were measured using the CarrPurcell-Meiboom-Gill (CPMG) sequence with a bradband decoupling inverse 1H probe (BBI) on the Bruker 500 MHz NMR spectrometer. Fe 3 O 4 -CDs NPs were dispersed in 98 % deuterium oxide with various concentrations and then taken 500 μL into 5 mm sample tubes.
Cell culture, fluorescence imaging and cytotoxicity assay
Cellular fluorescent images were recorded using an Olympus FV1000-IX81 laser confocal microscope. BHK cells were cultured in DMEM (Dulbecco's Modified Eagle Medium) supplemented with 10% FBS (fetal bovine serum). The cell lines were maintained under a humidified atmosphere containing 5% CO 2 at 37 °C. Please do not adjust margins carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salts (MTS) was added to each well of the microtiter plate and the plate was incubated in the CO 2 incubator for additional 4 h. Absorbance values were determined with Bio-Rad model-680 microplate reader at 490 nm (corrected for background absorbance at 630 nm). The cell viability was estimated according to the following equation: cell viability (%) = mean of absorbance value of treatment group/mean absorbance value of control × 100%.
Results and discussion
The Fe 3 O 4 -CDs hybrid NPs were synthesized by one-step hydrothermal method. The obtained Fe 3 O 4 -CDs hybrid NPs exhibits good water solubility and shows bright blue luminescence under excitation of a 365 nm UV lamp in water. But the product synthesized without TETA have no luminescence under the same condition, which is due to that CDs produced during synthesis process was washed away by acetone from the surface of (Fig. 2 A) shows that Fe 3 O 4 NPs appear irregular in morphology and size ranging from several nanometers to tens of nanometers. In contrast, the Fe 3 O 4 -CDs hybrid NPs (Fig.  2B ) posses rather uniform particle morphology and size. The result of dynamic light scattering (DLS) measurement (inset of Fig. 2B) shows that the size of Fe 3 O 4 -CDs hybrid NPs are distributed in the range from 9 to 13 nm, with an average size of 12 nm. These results including with XRD analysis indicate that TETA plays a critical role in modifying the particle and crystallite characteristics. Highresolution TEM (HRTEM) image (Fig. 2C) Fig. 2D . The size of the as prepared TETA-CDs is distributed in the range from 1 to 3 nm, with an average size of 2 nm.
Chemical structure of Fe 3 O 4 -CDs
The X-ray photoelectron spectra (XPS) were employed to investigate the surface composition of as prepared (Fig. 3B) can be de-convoluted into three peaks at 284.6, 286.2, and 288.0 eV assigning to carbon in the form of C-C, C=N and C=O respectively. 29, 37 The N 1s high-resolution spectra (Fig. 3C ) displays two peaks at399.2 and 400.6 indicating that nitrogen exists mostly in the form of pyridinic-like N and pyrrolic-like N. 37 To further confirm the chemical composition of Fe 3 O 4 -CDs, FT-IR spectra were recorded to identify the functional groups. As given in Fig. 3D 39 The weak band at 1310 cm -1 is assigned to C-N 
Magnetic and Optical Properties of Fe 3 O 4 -CDs
The magnetic properties of The up-conversion PL properties of Fe 3 O 4 -CDs and TETA-CDs were also investigated as shown in Fig. 6B and Fig. S 3B . The upconversion PL spectra also shows a fixed emission peak at the same wavelength of 445 nm as down-conversion PL spectra and remained unchanged when the excitation wavelength varies, which indicated that the emission occurs from the lowest single state regardless of the mode of excitation like as observing in microwaveassisted synthesized DEG-CDs. 33 However, the photoluminescent properties of CA-CDs and N-CDs are different from Fe 3 O 4 -CDs and TETA-CDs. The emission wavelengths of CA-CDs and N-CDs are excitation dependent including down-conversion and up-conversion as shown in Fig. S4 and Fig. S5 . These results imply that TETA not only acts as nitrogen source for CDs synthesis with CA but also helps to form a relatively uniform surface status. decays for the Fe 3 O 4 -CDs and TETA-CDs aqueous solution were studied as shown in Fig. 7 and Table S1 .
The fluorescence decay of TETA-CDs aqueous solution at λ ex = 360 nm can be described as tri-exponential function with the contributions of the τ 1 (~14 ns, 39%), τ 2 (~ 5 ns, 46%) and τ 3 (~0.8 ns, 15%). The multiexponential nature of the lifetime suggests that the components of TETA-CDs in water are complicated, probably due to the involvement of different particle sizes and emissive trap sites. While, the fluorescence decay of Fe 3 O 4 -CDs aqueous solution described as bi-exponential function with the contributions of the τ 1 (~ 13 ns, 34%) and τ 2 (~ 5 ns, 66%) at the same excitation wavelength λ ex = 360 nm. The presence of Fe 3 O 4 in the TETA-CDs does not change the two longer fluorescence lifetimes (~ 14 ns and ~5 ns) of TETA-CDs.
In vitro MRI
In order to evaluate the T 2 contrast properties of the Fe 3 O 4 -CDs NPs, the T 2 -weighted images of the as-prepared NPs dispersed in deionized water with different concentrations (I, 2 μg/mL; II, 4 μg/mL; III, 6 μg/mL; IV, 8 μg/mL; V, 16 μg/mL; VI, 32 μg/mL; VII, 48 μg/mL) were obtained in a Bruker Biospec 7.0 T MRI system at room temperature. It can be clearly seen that the signal intensity of the MR images is related to the concentration of Fe 3 O 4 -CDs NPs (Fig.  8) 
Cell imaging
It is expected that the 
Conclusions
In summary, magnetic-fluorescent hybrid NPs Fe 3 O 4 -CDs has been synthesized from a precursor ferric ammonium citrate and triethylenetetramine through a simple one-pot hydrothermal route. The advantages of our preparation strategy are this synthesis eliminates the tedious preparation of magnetic-fluorescent hybrid NPs. The excellent superparamagnetic and excitation-independent emission properties in water of Fe 3 O 4 -CDs hybrid NPs make them have great application potential in multimodal bioimaging. In addition, triethylenetetramine is proved as major factor for the excellent properties of Fe 3 O 4 -CDs hybrid NPs and excitation-independent emission properties of CDs by controlled trial. 
